NEUMANN AND DREISS' Sr ISOTOPE RATIOS AS TRACERS IN MONO BASIN
. Map modified after Rogers et al. [1992] .
western shoreline. The aquifers in the basin are recharged by the streams via these gravels and via fractures. The tuffs in the basin also contain large amounts of groundwater [Gresswell, 1940] . Along the shoreline the water table is very shallow. It intersects the surface at several locations, forming generally vegetated seep zones. Along the eastern shoreline, springs seem to be located along faults [Basham, 1988] . Along the western and southern shoreline, spectacular tufa towers have formed at former sublacustrine springs. Thermal springs with temperatures of-35øC emanate at two locations at the southern and southeastern shore. The DeChambeau well on the northern shore produces water with temperatures of about 63øC.
The overall objective of this study was to identify the origins of the spring water in the basin, using major ions and Sr isotopes. Specifically this study focused on (1) describing and distinguishing recharge end-members that influence groundwater chemistry, (2) determining the eastward extent into the basin of groundwater originating in the Sierra Nevada, and (3) reevaluating the origin of the thermal waters in the basin. Temperature, p H, and conductivity were determined at the sampling site. Samples were collected in 500-mL polyethylene bottles which had been soaked in 6 N HNO3 for several days and rinsed with Milli-Q water. Three samples were taken per site: one for carbonate/bicarbonate determination, one for the other anions, and a third for cations. The anion/ cation samples were filtered, and the sample for cation determination was acidified with concentrated HNO 3 to a p H < 2. Three additional creek samples were collected in December 1991. The procedures used were the same as those above, except that one sample for strontium isotope determination was taken additionally from each site.
Sampling and Analytical Methods
The analytical methods used and the analytical uncertainties for the major elements are shown in Table 2 and are described in detail elsewhere [Neumann, 1993] . The errors in the charge balances are less than 8%, except for two samples. Eighteen of the 27 analyzed samples have errors less than 5%.
The 878r/86Sr measurements were performed on the VG Sector 54-30 mass spectrometer in the Earth Science Department at the University of California, Santa Cruz. Two hundred and fifty milliliters of the sample were evaporated. The residual was redissolved with -3 mL 2.5 N HC1. Samples with high alkalinities (including all warm springs and Mono Lake water) were precipitated and redissolved in HC1 until all the bicar- 
Results
The results of the major ion analysis are shown in Table 3 Calcium and Mg concentrations are the dominant cations in creek, mountain spring, and shoreline waters with low p H. However, they are low in the Na-dominated lake and high-pH shoreline springs. In the lake, Na is • 10,000 times more concentrated than in the creeks, while K is only 2000 times more concentrated. The CI concentration increases by a factor of 3000 from the streams to the lake. Waters are generally HCO3 dominated, with increased SO4 and CI concentrations in the lake and the warm spring water. Mono Lake contains 406 mg/L B, accounting for 7% of its alkalinity. The Sr isotopic distribution in the waters is shown in Figure   3 and Table 3 [Kistler, 1966b] ).
Creeks
The creeks have very homogeneous 87Sr/86Sr ratios (0.7097, 0.7097, 0.7094) that are far greater than the ratios measured for Sierran rocks [Kistler and Peterman, 1973] , in the range of metamorphic rocks [Kistler, 1966b] , and below the ratios of the quartz monzodiorites [Evernden and Kistler, 1970] . The ratios in the three creeks are very similar, despite the different source areas of the streams.
The Sr isotope ratios found in the creek waters are high, considering that the granodiorites that cover about one half of the area have generally low Sr ratios. The quartz monzonites have high Sr ratios, but are described for the Lee Vining canyon only, and have relatively low Sr concentrations. If they are only locally abundant, monzonite weathering cannot explain the homogeneous ratios in the creeks. To explain the Sr ratios in the water, selective mineral weathering of the rocks must be occurring. The Sr isotopic ratios are not the same throughout the rock but vary between different minerals [Faure and Powell, 1972] . This is a result of the decay of 87Rb and the production of radiogenic 87Sr. Rubidium 87 behaves chemically and physically like K and is enriched in micas, e.g., in the abundant biotite and muscovite, and in K-feldspars [Faure and Powell, 1972] . These minerals will have higher Sr isotopic ratios than minerals with low K/Rb ratios. If micas weather faster than the other main rock constituents (quartz and plagioclase), the Sr isotopic ratio in the water will be more radiogenic than SUL, the artesian well on the north shore, has a lower ratio of 0.7088. Na and K concentrations suggest SUL is a mixture of -99% mountain spring water and <1% Mono Lake water. However, this mixing proportion does not result in the ob- •In summary, the water in the Navy Beach warm springs (1) is primarily warm, deep circulating groundwater that did not orlginate in the lake, (2) Mono Lake Mono Lake's S?Sr/S6Sr ratio of 0.7096 is similar to the ratios of its main water contributors, the Sierra Nevada creeks. This supports the notion that the majority of the water in the lake is from the western part of the basin. Interestingly, the 7% inflow from the volcanic mountains [l/orster, 1985] has no effect on the isotopic composition of the lake. Taking into account this 7% of low-ratio water from the volcanic areas, the expected Sr ratio for the lake would be between 0.7089 (assuming the same Sr concentration in all sources) and 0.7081 (if one considers that the waters from volcanic areas have higher Sr concentrations than the waters from granitic areas). As suggested earlier, much of the Sr in the groundwater from the volcanic mountains to the north, east, and south might be lost via precipitation as CaCO3 before it reaches the lake. Most water from the 6. The Sr isotopic composition of Mono Lake represents exclusively the ratios in surface waters entering the lake from the Sierra Nevada. Groundwaters entering the lake seem to have no effect on the ratio in the lake.
